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All-trans retinoic acid (ATRA) leads to a reactivation of the endogenous cell differentiation program and cures acute promyelocytic leukemia (APL). Research now tries to transfer the 
concept of ATRA therapy to breast cancer. Unfortunately, most breast cancer cells are resistant to ATRA. Studies showed an improvement in therapy of acute myeloid leukemia (AML) 
when chemotherapy is combined with histone deacetylases inhibitors (HDACis). The aim of this thesis is to sensitize breast cancer cells to ATRA using HDACis.

MCF-7 cells were treated with different HDACis, namely Romidepsin, LMK-235, Trichostatin A and Tazemetostat. The cells were co-treated with the HDACi and ATRA. The relative viability 
was measured with the alamarBlue assay. In a second attempt the cells were pre-treated with the HDACi before ATRA was added.

The results of the co-treatment showed no significant difference between the cells treated with or without ATRA. None of the HDACi had an effect on cell viability after 2 days of treatment. 
The results of the pre-treated cells showed that relative viability of the cells with ATRA was higher than the one of the cells without ATRA. Romidepsin and Trichostatin A showed 
concentration dependent decrease in cell viability. LMK-235 showed an arbitrary course and Tazemetostat a unaltered course. Contrary to the hypothesis MCF-7 cells could not be 
sensitized to ATRA using the four HDACis.

MCF-7 cells were used for all experiments. These are adherent cells from the mammary
gland with an ATRA score of 0.4.

The HDACis used in these experiments are Romidepsin, LMK-235, Trichostatin A and
Tazemetostat.

AlamarBlue assay: AlamarBlue cell viability reagent indicates metabolic activity of cells by
using the reducing power of living cells to quantitatively measure viability. The active
reagent of the AlamarBlue reagent is resazurin. It’s a non-fluorescent, cell-permeable 
complex. Once it enters a living cell the resazurin is reduced to resorufin, which is highly
fluorescent. The relative viability of cells can be detected using an absorbance- or
fluorescence-based plate reader.

Vizualised workflow of all the steps for the co-treatment experiment:

Vizualized workflow of all the steps for the pre-treatment experiment:

The aim of this thesis is to sensitize MCF-7 breast cancer cells to ATRA using
pharmacological HDACi. To achieve this goal the following question was formulated:

• Can MCF-7 cells be sensitized to ATRA by particular pharmacological HDACis?

With 32% of all newly diagnosed cancer cases in women breast cancer is the most
frequently diagnosed cancer. [1]

Insufficient differentiation of cells is a hallmark of cancer. The concept of differentiation
therapy is to reactivate endogenous differentiation of cancer cells. In general differentiation
agents are less toxic than conventional chemotherapy. One differentiation agent which is
currently used is ATRA. In APL it induces complete remission if combined with
chemotherapy. [2]

Many pre-clinical studies indicate that ATRA could be an innovative therapy for breast
cancer. Unfortunately, clinical studies so far revealed very disappointing results. [3] In 2015 
Centritto et al. profiled 42 breast cancer cell lines according their ATRA sensitivity. Using
bioinformatic analyses a so-called ATRA score was calculated allowing to predict ATRA 
sensitivity. The higher the ATRA score is, the higher is the ATRA sensitivity of a cell line. It
was shown that most breast cancer cells are resistant to ATRA. [4]

HDAC and HDACi are epigenetic modifiers that control chromatin alterations, which may
affect the progression of various diseases, including cancer. [5] HDACs are enzymes that
regulate the gene expression by deacetylation of histone lysine residues. [6] HDACi inhibit
the effect of HDACs and decrease the histone deacetylation. [7] In 2013, studies have
shown that the effect of ATRA can be increased by combining it with selective HDAC class I 
inhibitors. HDACi can render the relative ATRA resistance of certain AML cells ineffective. 
This shows that HDACi can inactivate the relative ATRA resistance of AML cells. [8] This 
approach can easily be transfered to other cancer cells, for example ATRA resistant breast
cancer cells and could therefore improve breast cancer therapy.

The results of the co-treatment show that Trichostatin A is the only drug that shows a 
significant difference between ATRA and DMSO.

The results of the pre-treatment show a significant difference between ATRA and DMSO in 
all drugs.

In the first experiment where the cells were co-treated with the HDACi and ATRA, the
curves showed a rather steady course. It seems that the HDACi take longer to act on the
cells or that MCF-7 are resistant to the tested HDACi concentrations. Because of this
outcome the experimental approach was adjusted by pre-treating the cells with de HDACis
before adding ATRA. Therefore, the HDACi have a longer action period on the cells. The 
decrease of the relative cell viability of the cells under Romidepsin and Trichostatin A in the
second experiment confirms the assumption that HDACis need more time to act on the
cells. It can be said that Romidepsin and Trichostatin A have an influence on MCF-7 cells. 
The results of LMK-235 shows that the effect of this HDACi on MCF-7 is rather irregular
and Tazemetostat isn’t affecting MCF-7 viability at all.

When comparimg the course of the cells treated with ATRA with the ones treated with
DMSO it is noticeable that the cell count of the cells under ATRA is always slightly higher
than that of the cells under DMSO. This clearly shows that the cells are still ATRA resistant
even after the HDACi treatment.

Contrary to the hypothesis, HDACi in combination with ATRA does not improve treatment
regardless of the concentration of the drug used. Consequently, the goal of sensitizing
MCF-7 cells to ATRA using HDACi could not be achieved.
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Fig. 5.1: Relative cell viability co-treatment (Anderegg, 2020)
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Fig. 5.2: Relative cell viability pre-treatment (Anderegg, 2020)
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